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Abstract. Environmental noise is an unavoidable phenomenon in urban environments. 
Even though efforts are continuously being made to reduce exposure to environmental 
noise, it still presents a problem, mostly due to rapid development of urbanization and 
transportation. Road, railway, and aircraft traffic are the main contributors to the 
overall environmental noise load. The ever-decreasing quiet zones in urban areas 
impact the health and well-being of urban population. Excessive exposure to noise can 
potentially cause a number of physical or psychological health effects, such as sleep 
disturbance, restricted communication, annoyance, cognitive impairment and stress. 
The cardiovascular system can also be affected by prolonged exposure to traffic noise. 
Nevertheless, the precise impact of environmental noise has to be determined through 
risk assessment. 
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1. INTRODUCTION 
The scope of disease burden on a population is disease-specific. Over the past few 
decades, the disease burden has been systematically measured across many countries for the 
purpose of comparison. A burden of disease (BD) can be defined as the impact of a specific 
disease over a specific area as indicated by financial cost, mortality, or morbidity. BD is 
quantified by summary measures of population health developed by the WHO.  
Summary measures of population health combine information on mortality and non-
fatal health outcomes to provide a single-number representation of the health of a specific 
population. To that end, several indicators have been developed during the last 30 or so 
years to adjust mortality to reflect the impact of morbidity or disability. Based on the 
object of quantification, the measures are divided into two main categories: health 
expectancies and health gaps [2,7,11]. 
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Health expectancies measure life years gained or years of improved quality of life. 
The following are some of the indicators included in this group: 
 active life expectancy (ALE), 
 disability-free life expectancy (DFLE), 
 disability-adjusted life expectancy (DALE), 
 healthy-adjusted life expectancy (HALE), 
 quality-adjusted life expectancy (QALE). 
Health gaps measure lost years of full health as compared to an “ideal” health status 
or the accepted standard. This group includes the following indicators: 
 years of potential life lost (YPLL), 
 years of healthy life lost (YHLL), 
 quality-adjusted life years (QALY), 
 disability-adjusted life years (DALY). 
Both categories use time and multiply the number of years lived (or not lived, in the 
event of premature death) by the “quality” of those years. The adjustment of the years of 
healthy life lived is called “quality adjustment” (expressed as QALYs), whereas the 
adjustment of the years of healthy life lost is called “disability adjustment” (expressed as 
DALYs) [1,13]. Accordingly, QALYs represent a gain that is to be maximized, whereas 
DALYs represent a loss that is to be minimized. The QALY approach weights the quality 
(also called “utility”, as this falls within cost-utility analyses) on a scale from 1, 
indicating perfect health and the highest quality of life, to 0, indicating no quality of life, 
i.e. death. The DALY approach uses the reversed scale: a weighted 0 indicates perfect 
health (no disability), while a weighted 1 indicates death. The disability weighting in the 
DALY approach proved to be its most difficult aspect and has even sparked some 
controversy [1]. Figure 1 shows a typology of summary measures of population health. 
 
Fig. 1 A typology of summary measures [11] 
Legend: A = time lived in optimal health,  
B = time lived in suboptimal health, 
C = time lost due to mortality 
 Assessment of Harmful Health Impact of Environmental Noise 11 
2. BURDEN OF DISEASE FROM ENVIRONMENTAL NOISE 
Noise is a major issue in urban environments, as it affects a large section of the population. 
So far, most environmental noise assessments have been focused on the annoyance it causes 
for humans or on the extent to which it affects daily human activities. Earlier assessments of 
the potential health impact of noise exposure have been insufficiently comprehensive [3]. 
There is a consensus among public health experts that environmental risks constitute 
24% of the burden of disease. Such percentage is to a large extent due to widespread 
exposure to environmental noise from road and rail infrastructure, airports, and industrial 
sites. Every third individual experiences diurnal annoyance whereas every fifth individual 
suffers from nocturnal sleep disturbance due to traffic noise. Epidemiological evidence 
suggests that chronic exposure to high levels of environmental noise increases the risk of 
cardiovascular diseases such as myocardial infarction. Therefore, noise pollution is 
regarded as both an environmental nuisance and a public health threat. 
Risk assessment of environmental noise requires knowledge of the following parameters: 
 the nature of the health effects of noise; 
 the exposure levels that instigate the health effects and the changes in the extent of 
the effects caused by increased noise levels; and 
 the number of people exposed to hazardous levels of noise. 
The WHO has developed and implemented quantitative risk assessments based on 
EBD (Environmental Burden of Disease) methodology to help the Member States 
quantify several environment-related health problems [14]. 
The specific health manifestations of environmental noise included: 
 cardiovascular diseases, 
 cognitive impairment, 
 sleep disturbance, 
 tinnitus,  and 
 annoyance. 
Estimating the environmental burden of disease (EBD) due to environmental noise 
requires a quantitative risk assessment approach. Risk assessment involves hazard 
identification, population exposure assessment, and determination of the corresponding 
exposure-response relationships. The EBD is expressed as DALYs.  
2.1. Exposure assessment 
Noise exposure assessment requires that several factors be considered, such as 
• the measured or calculated/predicted exposure, described in terms of an adequate 
noise metric; or 
• the distribution of noise exposure of the population. 
Population noise exposure is based on the noise mapping mandated by the 
Environmental Noise Directive (END), using the annual average metrics of Lden (day-
evening-night equivalent level) and Lnight (night equivalent level) proposed by the Directive: 
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 (1) 
with Lday = Leq,12h, Levening = Leq,4h, Lnight = Leq,8h, and LAeq,th the A-weighted equivalent 
sound pressure level over t hours outside at the most exposed facade. 
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Synthesis curves for the exposure-response relationships between Lden and %HA 
(proportion of highly annoyed persons) or %A (proportion of annoyed persons) are 
presented in the EC “Position paper on dose response relationships between transportation 
noise and annoyance” [4]. The curves follow from a comprehensive set of data from 46 
studies on traffic noise and annoyance (20 on aircraft, 18 on road traffic, and 8 on railway 
noise) conducted in Europe, North America, and Australia between 1971 and 1993 
[9,10]. Table 1 and Figure 2 show the proportion of highly annoyed and annoyed persons 
as a function of the Lden exposure for each traffic noise source. The data unequivocally 
shows that air traffic noise causes more annoyance than road traffic for any given noise 
level, just as road traffic causes more annoyance than railway traffic. 
Table 1 Percentage of annoyed (%A) and highly annoyed (%HA) persons for various 
noise exposure levels (Lden) for aircraft, road traffic, and rail traffic[4] 
Lden 
[dB(A)] 
Aircraft Road traffic Rail traffic 
%A %HA %A %HA %A %HA 
45 11 1 6 1 3 0 
50 19 5 11 4 5 1 
55 28 10 18 6 10 2 
60 38 17 26 10 15 5 
65 48 26 35 16 23 9 
70 60 37 47 25 34 14 
74 73 49 61 37 47 23 
 
 
 
Fig. 2 Percentage of highly annoyed (left) and annoyed (right) persons as a function  
of exposure to aircraft, road, and railway noise (Lden) 
2.2. Estimation by means of disability-adjusted life years (DALY) 
DALYs represent the sum of potential years of life lost due to premature death and 
the equivalent years of “healthy” life lost due to ill health or disability. 
The burden of disease in the general population is expressed in terms of DALYs 
through the equation 
 DALY = YLL + YLD.  (2) 
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YLL denotes the number of “Years of Life Lost” calculated by the equation 
 m m f fi i i iYLL (N L N L ),
i
     (3) 
where Ni
m
(Ni
f
) is the number of deaths of males/females in age group i multiplied by the 
standard life expectancy Li
m
(Li
f
) of males/females at their age of death. 
The YLLs constitute the mortality component of the DALYs and they are proportional 
to the number of deaths and the average age of death:  
 YLL = Number of Deaths · Life expectancy at age of death (3.1) 
YLD denotes the number of “Years Lived with Disability” calculated by the equation  
 YLD = I · DW · D,  (4) 
where I is the number of incident cases multiplied by a disability weight (DW) and an 
average duration D of disability in years. DW applies to every health condition and 
ranges between 0 (full health) and 1 (death). 
The YLDs constitute the morbidity component of the DALYs. 
Disability weights are essential for DALY calculation, as they enable direct 
comparison of morbidity and mortality. DW reveals the severity of a disease on a scale 
from 0 (perfect health) to 1 (the worst possible health). The disease severity is inversely 
proportional to the length of healthy life of afflicted persons. 
With the use of DWs, non-fatal health outcomes and deaths can be measured under a 
common unit [6]. DWs quantify time lived in various health states to be valued on a scale 
that factors societal preferences. The DWs commonly used for calculating DALYs are 
measured on a scale from 0 (full health) to 1 (death) (see Table 2.). 
DW values for various disease states have been heavily discussed among researchers. 
They are typically extracted from expert panels. WHO provides a fairly comprehensive list 
of DWs [8] recommended for use. If an appropriate DW is not included in the list, an expert 
committee may be formed to determine the appropriate DW by analogy with other known 
DWs. 
Table 2 Disability weight vs health condition [5] 
Health condition Disability weight 
Mortality 1.000 
Non-fatal acute myocardial infarction 0.406 (WHO) 
Ischaemic heart disease 0.350 (de Hollander, 1999) 
High blood pressure 0.352 (Mathers, 1999) 
Primary insomnia 0.100 (WHO, 2007) 
Sleep disturbance 0.070 (WHO, 2009) 
Annoyance 0.020 (WHO, preliminary) 
0.010 (Stassen, 2008) 
0.033 (Müller-Wenk, 2005) 
Cognitive impairment 0.006 (Hygge, 2009) 
These examples reveal the issue of data evaluation. The number of people suffering 
from myocardial infarction is relatively low, whereas the number of people experiencing 
sleep disturbance and annoyance is high. 
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Estimation of the total burden of disease requires another approach, which involves 
the following steps: 
a) estimation of the exposure distribution in a population; 
b) selection of one or more relevant relative risk estimates from the literature, usually 
from a newer meta-analysis; 
c) estimation of the population-attributable fraction using the formula for population-
attributable fraction.  
This approach is called the exposure-based approach. Likewise, the number of cases 
can sometimes be directly estimated based on exposure (the outcome-based approach). 
The attributable fraction is the proportion of noise-related disease in the population. The 
attributable fraction (also known as impact fraction or population-attributable risk) refers to 
the hypothetical reduction in disease incidence if the population were completely unexposed 
compared with the actual exposure pattern. It may also be difficult to specify the accuracy of 
the fraction of the outcome attributable to environmental noise. In order to estimate the 
population-attributable risk percentage for a population, the exposure distribution and the 
exposure-response relationship have to be known. To calculate the attributable risk percentage 
(AR%), the population-attributable risk percentage (PAR%), and the population-attributable 
risk (PAR) for each noise category [12],the following formulae can be used: 
 AR% = (RR–1) / RR · 100 [%] 
 PAR% = Pe /100 · (RR-1) / (Pe /100 · (RR-1) + 1) · 100 [%] 
 PAR = PAR% / 100 · Nd, (5) 
RR = relative risk, 
Pe = percentage of the exposed population [%], 
Nd = number of subjects with disease (disease incidence). 
It is also possible to use a generalized formula for calculating the population-
attributable fraction (PAF).This formula is better suited to multiple comparisons for large 
relative risks. 
 PAF = {Σ(Pi · RRi) – 1} / {Σ(Pi · RRi)}, (6) 
Pi = proportion of the population in exposure category i 
RRi = relative risk in exposure category i compared to reference level Pi = 1 
 PAR = PAF · Nd . (7) 
The above estimates of disease burden from environmental noise rely on the available 
information on exposure distributions in the population and exposure-response relationships 
for each specific health outcome. In addition, the estimates are heavily dependent on the 
selected disability weight. However, the calculations of DALYs cannot be completely 
accurate because the information about various environmental aspects is somewhat limited 
and frequently relies on assumptions and guesswork (see Figure 3). Consequently, the 
estimates are to be taken provisionally, especially for cognitive effects and ischaemic heart 
disease, for which no reliable exposure-response relationships are available. Nevertheless, 
such calculations could provide valuable information for risk assessment, as well as for 
assessments of noise-related economic cost. Hence, it is recommended that the estimates 
of disease burden from environmental noise should be frequently updated. 
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Fig. 3 Estimate of DALYs from different environmental aspects [5] 
3. CONCLUSION 
Environmental noise represents not only a source of nuisance but also a threat to both 
public and environmental health. The estimation of DALYs lost due to environmental noise 
in the Western European countries is61 000 years for ischaemic heart disease,  
45 000 for cognitive impairment in children, 903 000 for sleep disturbance, 22 000 years for 
tinnitus, and 654 000 years for annoyance. When considered together, the disease burden 
would range from 1.0 to 1.6 million DALYs. This implies that no less than 1 million 
healthy life years in the Western European countries, including the EU Member States, are 
lost annually due to traffic-related noise [15]. Sleep disturbance and annoyance due to road 
traffic noise are prevalent in the disease burden from environmental noise in Western 
Europe. Unavailability of exposure data for South-eastern Europe and the Newly 
Independent States prevents estimations of the disease burden to be made for the whole 
WHO European Region. 
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PROCENA ŠTETNOG UTICAJA BUKE U ŢIVOTNOJ SREDINI 
NA ZDRAVLJE 
Buka u životnoj sredini je neizbežna pojava u urbanim naseljima. Uprkos stalnim naporima za 
smanjenjem izloženosti stanovništva buci u životnoj sredini, ona i dalje predstavlja ozbiljan 
problem, pre svega kao posledica naglog razvoja urbanizacije i povećanog obima saobraćaja. 
Drumski, železnički i vazdušni saobraćaj pružaju najveći doprinos ukupnom opterećenju životne 
sredine bukom. Sve manji broj tihih zona u urbanim sredinama utiče na pogoršanje zdravstvenog 
stanja i opšte raspoloženje gradskog stanovništva. Prekomerno izlaganje buci može potencijalno 
da izazove niz fizičkih ili psiholoških efekata na zdravlje kao što su poremećaj sna, ograničena 
komunikacija, uznemiravanje, kognitivni poremećaji i stres. Dugotrajno izlaganje buci saobraćaja 
takođe može da utiče i na poremećaj  kardiovaskularnog sistema. Precizniji uticaj buke u životnoj 
sredini na zdravstveno stanje stanovništva ipak mora biti određen kroz procenu rizika. 
Kljuĉne reĉi: buka u životnoj sredini, težina oboljenja, DALY 
